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Abstract: A robust generalized filter bank multicarrier (GFBMC) optical access system with
polar coding is proposed in the letter. Cyclic redundancy check combined polar code has
been adopted to improve the performance of the access system with lower computational
time. An experiment with a 40 Gb/s polar coded GFBMC access system is successfully
demonstrated with the proposed method. The results indicate a prospect solution for the
forward error correction (FEC) in optical access system.
Index Terms: Optical communications, optical access system, generalized filter bank
multi-carrier.
1. Introduction
The growth of Internet traffic and expansion of broadband services have been placing huge band-
width demands on optical access networks [1], [2]. They are expected to provide access to high
bit-rate applications such as high-definition video, online gaming and cloud computing. Several
multiplexing schemes have been proposed to cope with these requirements, including time and
wavelength division multiplexing (TWDM), WDM, and orthogonal frequency division multiplexing
access (OFDMA) [3]–[5]. Among these schemes, electrical multicarrier with intensity modulation
has been seen as a promising way to provide broadband and flexible access. Different techniques
such as sub-carrier modulation, OFDM, and multi-band carrier-less amplitude/phase modulation
(CAP) are widely investigated [6], [7]. OFDM has emerged as a dominant area in the field of optical
access network recent years. However, the delicate orthogonality of OFDM signal can be upset
by even a small frequency offset. Furthermore, the cyclic prefix (CP) is needed to release the
chromatic dispersion induced interference, which reduces the spectral efficiency of OFDM signal.
Recently, we have proposed a novel generalized filter bank multicarrier (GFBMC) technique for
optical access networks, which generates multicarriers by the filter bank instead of by fast Fourier
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Fig. 1. Schematic diagram of polar coded GFBMC signal (a) transmitter and (b) receiver.
transform (FFT) [8]. It has got higher spectral efficiency due to the absence of CP and shown more
robustness against frequency offset.
The application of multicarrier techniques enables the access system to support a huge number
of optical network units (ONUs), which would lead to limited power budget. The forward error
correction (FEC) codes can be employed to improve the power budget of optical access network
by providing extra gain to the network. It allows the system to adopt cheaper component to improve
the performance. FEC codes applied in optical transmission system could provide high code gain
with longer code length. However, due to the inherent low-cost and low complexity characteristics of
the access network, not all FEC codes are suitable to be deployed in these networks. Several FEC
codes, such as Reed–Solomon codes, low density parity check (LDPC), and Turbo codes have
been widely used in optical systems, where LDPC codes have become the most popular choice [9].
Although there are conventional LDPC codes proposed for access, they will display error floor due
to the iterative decoding and concatenated LDPC with outer code such as Reed–Solomon code
is needed to suppress the error floor. Non-concatenated FEC codes will be preferred for optical
access system due to the implementation complexity. The polar code is a novel coding technique
which is approaching Shannon limit with efficient encoding and decoding algorithms [10], [11]. It
has got robust error correction with simple construction and the error floor problem can be avoided,
which makes it an attractive solution for optical access network in the near future.
In this paper, to our best knowledge, we propose and demonstrate a novel polar coded GFBMC
optical access system for the first time. The cyclic redundancy check (CRC) combined polar code
is adopted for the access signal. It can improve power budget by providing excellent code gain
with low computational time. The CAP modulation is adopted to enable intensity modulation in the
system. An experiment with 40 Gb/s polar coded GFBMC optical access system is successfully
demonstrated.
2. Principle
The schematic diagram of polar coded GFBMC signal is illustrated in Fig. 1. Assuming the number of
multicarriers is K, there are total K data streams and each stream can be assigned to one opti-
cal network unit (ONU). In the following section, we assume that each carrier is assigned to
one ONU. The original data streams are firstly sent for polar coding. Some positions of information
are replaced with the CRC to help accelerate the decoding at the receiver.
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We assume the output sequence with CRC on kth carrier is uk,N, which is consisting of in-
formation part and fixed part of redundancy. The output of polar encoder on kth carrier can be
expressed as
C kN = u k,N G N = u k,N G ⊗n B n ,
⎧
⎨
⎩
n = log2N
G =
[
1 0
0 1
] (1)
where
G ⊗n = G ⊗ G ⊗(n−1). (2)
G N is the generator matrix, ⊗n denotes the nth Kronecker power of the matrix, and B n is the
bit-reversal permutation. Then, the coded sequence is mapped into constellation symbols. The
symbols on all carriers are shaped by the filter bank with CAP modulation. Two orthogonal filters
constructed by square root raised cosine pulses are adopted to generate the desired waveforms
on each carrier. The combined output signal can be expressed as
s(t) =
K∑
k=1
[p (t) cos(2πfk t) · Re(C k,N )
− p (t) sin(2πfk t) · Im(C k,N )].
(3)
Here, fk is the central frequency of the kth carrier, C k,N is the mapped symbol, and p(t) is the
prototype filter of the filter bank, which is represented by
p (t) = sin[π(1 − α)
t
Ts ] + 4α tTs cos[π(1 + α) tTs ]
π tTs [1 − (4α tTs )
2]
(4)
where Ts is the symbol duration, and α is the roll-off coefficient valued from 0 and 1.
At the receiver, the ONU extracts the data after optical detection because the multicarriers
are generated in the electrical domain. The matched filters for different carriers are adopted to
filter out the dedicated data for the ONUs. Because the information of different ONUs is carried
by different electrical bands, the received optical power will not be affected when the number of
electrical multicarriers changes. The number of ONUs would not be limited by using this multicarrier
method. The de-mapped sequences are fed into polar decoder, where CRC aided successive
cancellation list is adopted to recover the original bit stream. The computation can be reduced from
O (L ∗ N 2) to O (L ∗ N ∗ logN ), where N is the code block length. The decoding of polar code can
be treated as full code tree with N levels, where log-likelihood ratios of de-mapped sequences are
used to generate the successive cancellation list [12]. Assuming the de-mapped sequences on kth
carrier is rk,N the list path of the ith level can be expressed as
L ki (r k,i , u k,i ) = In
Pr{u k,i = 0|r k,i }
Pr{u k,i = 1|r k,i } , i ∈ [1, N ]. (5)
The path matrices can be recursively calculated by
M (uk,i ) =
{
M (uk,i−1), 1 − 2u k,i = sign(L k,i (r k,N , u k,i−1))
M (uk,i−1) − |L ki (r k,i , u k,i−1)|, 1 − 2u k,i = sign(L k,i (r k,N , u k,i−1))
(6)
where M (μk,i ) is the logarithmic a posteriori probability of the path expressed by
M (μk,i ) = ln(Pr {uk,i |r k,i }). (7)
During decoding, the path with larger value would be chosen as the decision path. The paths
in the list are examined with CRC check and the decoder will output the path passing the CRC
check with maximum path value. Compared with LDPC code, the method can provide higher
code gain with simple construction, which improves the power budget for the optical access
network.
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Fig. 2. Experimental setup (DAC, digital to analog convertor; MZM, Mach–Zehnder modulator;
PD: photodiode; ADC, analog to digital convertor).
3. Experiment and Results
Fig. 2 shows the experimental schematic for polar coded GFBMC optical access system. At the
optical line terminal (OLT), a CW laser at 1551.72 nm serves as the light source. Intensity modulation
is adopted to simplify the transmitter of the OLT, which is realized by a 40 GHz Mach-Zehnder
modulator (MZM) biased at the half voltage of Vpi. The polar coded GFBMC signal is generated
offline with digital signal processing, where five carriers named f1 to f5 are used for demonstration.
Five bit sequences are generated with CRC aided polar encoder. In the experiment, the code length
is set to be 1024 with 24 CRC bits and the fixed part of redundancy is set to be zero. The coded
bit streams are mapped into four level sequences and fed into filter bank with CAP-16 modulation.
The filter bank is consisting of five pairs of finite impulse response filters with roll-off coefficient
of 0.2. The time impulse responses of the prototype orthogonal filters are shown as inset (a) of
Fig. 2. The signal bandwidth of each carrier is set to 2 GHz and the excess bandwidth is 12%,
which results in a total bandwidth of 11.2 GHz and signal rate of 40 Gb/s. A digital to analog
convertor (DAC) at 50GSa/s with 3dB bandwidth of 18 GHz is adopted to produce the electrical
signal and the spectrum of signal is shown as inset (b) in Fig. 2. The change of carrier bandwidth
is realized through digital signal processing operation in electrical domain, which would not bring
any penalty to the network. After intensity modulation, the optical signal is further amplified by a
commercial Er-doped fiber amplifier (EDFA) with noise figure of 4.2 dB before launched into 25 km
standard single mode fiber (SSMF) with total loss of 5.6 dB. The optical spectrum after MZM is given
in Fig. 2(c).
In the experiment, each ONU is assigned with one carrier. The number of carriers can be
dynamically adjusted according to the scale of the access system. A 1:8 power splitter with insert
loss of 9 dB is adopted as the component of optical distribution network (ODN). At the ONU, direct
detection by a single photodiode (PD) with 3 dB bandwidth of 50 GHz is adopted for received optical
signal. The scheme is feasible with lower bandwidth components and might get better performance
because of the less inducted noise. Then the signal is sampled by an analog to digital convertor
(ADC) with 100 GSa/s for further digital signal processing. The sampled signal is demodulated with
the matched filters at the designated carrier, where the symbols are reconstructed before polar
decoding. Maximum a posteriori (MAP) equalization is adopted to mitigate the interference among
symbols. The path size of polar decoding is set to be eight. After obtaining the candidate decoded
sequences, the CRC check is performed to stop the decoding.
Fig. 3 illustrates the bit error ratio (BER) performance as a function of optical signal noise ratio
(OSNR), where the averaged BER is counted for the five carriers. The OSNR is adjusted by adding
an EDFA and a tunable optical attenuator. The code rate is set to be 0.8 during measurement.
There is almost no OSNR penalty before and after 25 km transmission. The received constellation
is also given in Fig. 3. We also compare the performance with LDPC code under same bandwidth
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Fig. 3. Measured BER curves before and after transmission (b2b, back to back; OSNR resolution
bandwidth: 0.1 nm).
Fig. 4. Measured BER curves under different path sizes after transmission.
and code rate, and the result is plotted in Fig. 3. The transmitted and received optical powers are
same for the two signals. The polar coded signal provides a performance gain of 0.69 dB over that
of LDPC coded signal after 25 km transmission.
Fig. 4 presents the BER curves under different path sizes. As the increase of path size, the
signal can obtain better performance. The required OSNRs at BER of 10-6 are 12.5, 12.0, 11.6
and 11.5 dB for path sizes of 2, 4, 8, and 16, respectively. Although large path size has got better
performance, the computation time would be high due to the increase of decoding paths. When
the path size is beyond 8, the performance improvement caused by increasing path size becomes
smaller. The trade-off between performance and computation time must be considered in practical
implementation.
Fig. 5 illustrates the decoding computational time with different code lengths, where the path size
L is 8. Compared with the straightforward decoding, the CRC aided list decoding spends much
less computational times. For a code length of 1024, the computational times are 5.6 × 104 and
8 × 106 for CRC aided list decoding and straightforward decoding respectively. When the code
length is beyond 1024, the computational time of straightforward decoding increases much faster
than CRC aided list decoding. The lower computational time enables low latency time which benefits
the optical access network.
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Fig. 5. Computational time versus code length under L = 8.
Fig. 6. Measured BER curves with different code rates.
Next, we further investigate the performance with different code rates and the measured BER
curves are illustrated in Fig. 6. The code length is set to be 1024 and the code rates are 1/2, 4/5
and 5/6 respectively. It’s obvious that lower code rate gets better BER performance due to the more
redundance. The corresponding required OSNR at BER of 10−6 are 9.45, 11.65, and 12.00 dB,
respectively. In practical use, different code rates can be assigned to different carriers. The ONU
can choose a suitable code rate according to the channel OSNR condition.
4. Conclusion
We have proposed a novel polar coded GFBMC access system. The CRC combined polar code
can improve the system performance with lower computational time for access signal. A 40 Gb/s
polar coded signal is successfully demonstrated in the experiment. Compared with LDPC coded
signal, the OSNR performance is improved by 0.69 dB. Our demonstration shows that the proposed
method would be a promising solution for future multicarrier access system.
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